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Old-dog 555 learns six new tricks 

James Keith, IMD Fincor Electronics D ivision, York, PA 

The circuits in Fig 1 invert the ubiquitous 55i timer's oper- totem-pole output — or both. And you can feed the timing 

ation. The circuits' output polarities are the ii lverse of con- capacitor from a negative current source referenced to the cir- 

ventional 555 timers'. The circuits' output duty cycle is cuit's common. 

exactly 50%. Further, you have a choice of opt n-collector or I recommend the Texas Instruments TLC555, but any 55 
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You can configure an "inverted" CMOS 555 time • as a free-running oscillator (a), an inverted bipolar 555 wiith active reset 
(b), an inverted CMOS 555 with active reset (c), a simple VC0 (d), an improved version of the VC0 (e), and a VCO sporting an 
amplified current source (f). 
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timer should work. The TLC555 has the advantage of being 
MOS. Its low power consumption does not introduce 
switching spikes into the power supply. The TLC555's out- 
put also tends to saturate better in the positive direction than 
devices from other CMOS 555-timer vendors. This feature 
suits the TI device better for this application. 

One disadvantage of the TI device is its limited output- 
ourcing capability, which limits the capacitor-reset current 
o 10 mA max. On the other hand, this limitation could be 
an advantage under some conditions if you use the current- 
imiting property to eliminate the reset-resistor, R r 
In the circuits, the timing capacitor, C,, ties to the positive 
s to keep its discharge current out of the power supply, 
owever, connecting C { to the negative bus causes the 555 
timer to wake up with an opposite-polarity output — a little- 
known feature of the 555 timer. 

The circuits simply bypass the timers' pin 5, the control 
input. The control input is the top node of the 555's internal 



voltage divider. In these circuits, bypassing this node to V cc 
via C 2 stabilises the devices' upper threshold. But the lower 
threshold is a t the mercy of the power-supply bus. Therefore, 
I recommend bypassing the power supply with a healthy 
sized capacitor to minimize jitter induced in the 555's lower 
threshold. This extra capacitor is one disadvantage of these 
configurations. 

The low-v)ltage operation of the circuits is surprisingly 
good. The cii cuits that employ a TCL555 operate easily at 5 V. 
A Schottky c iode could further enhance low-voltage opera- 
tion at the expense of increased diode leakage — a possible 
problem. 

In the sixlh circuit, you must use a well-regulated supply 
because the :>55's bandgap reference operates from a voltage 
divider. Sue l a setup has no power-supply rejection. (DI 
#1694) HE 
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gorithm converts random variables to normal 

ward Beadle, Brookhaven National Laboratory, Upton, NY 




Although normally distributed random variables 
are essential for many engineering analyses, soft- 
ware packages usually provide only a function that 
generates uniformly distributed random samples 
over the range [0,1]. However, a simple algorithm allows you 
to convert the uniformly distributed samples into normally 
istributed samples to a very good approximation. 
The algorithm repeatedly takes N samples from the uni- 
form distribution, sums the samples, and then scales and off- 
sets the sum. The summation means that the Central Limit 
Theorem applies. The theorem states that the distribution of 
the sum of N random variables, taken from an arbitrary dis- 
tribution, approaches a normal distribution as N increases. 

For uniformly distributed random variables in the range 
[0,1], summing N=20 samples usually suffices for an engi- 
neering approximation of a normal distribution. Offsetting 
and scaling the sum are necessary because, although the dis- 
tribution of the sum is approximately normal, the sum may 
not have the mean and variance desired for your application. 
To transform the approximately normal sum's distribu- 
on into your desired normal curve, you must find the mean, 
, and standard deviation, a. Finding the mean and standard 
deviation using a closed-form solution is very difficult. For- 
tunately, useful approximations apply. 

Because the algorithm uses only N samples from the uni- 
form [0,1] distribution, the sum's mean is obviously N/2. 
Also the probability of generating a sum outside the range of 
[0,N] is exactly zero. So, to determine the standard deviation 
of the approximately normal sum's distribution, the algo- 
rithm equates the maximum possible value of the sum of N 
samples to the 6u+^, or "six sigma," point on the normal 



curve. This approximation yields a standard deviation of 
cr=(N-|x)/6, which reduces to ct=N/12. 

This appr jximation is valid because the probability of a 
datum occurring outside the [-6o--(j,,6ct+|x] range is less than 
1 in 500 million. For all practical purposes, 1 in 500 million 
is zero. 

Next, assuming that the desired mean, p,', and standard 
deviation, cr , differ from those of the N-sample sums' mean 
and deviaticn, transforming the sums takes three steps: 

• First, shift the sum by subtracting N/2. This subtraction 
centers the N-sample sum's distribution at zero. 

• Then, scale the upper and lower limits of the zero-cen- 
tered distribution so that N/2=6a'; that is, multiply the 
offset sutl by 12ct'/N. 

• Finally, obtain the desired center value, a', by adding it 
as an of! set. 

The following equation succinctly expresses the algorithm: 



z = 



12a; 

N 



N 

ZX- 



+ 11' 



where z is t le approximately normal random variable with 
mean, p,', a id standard deviation cr' and x i( from 1=1 to N, 
are the sam )les. 

You can { asily encode this algorithm as a function in any 
programming language. The ZIPfile attached to EDN BBS 
/DI_SIG #1 >90 contains a copy of this write-up. (DI #1690) 
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Two cores marry, make swinging choke 

Vincent Spataro, GEC Marconi Electronic Systems Corp, Wayne, NJ 




Designing an output choke for a switch-mode 
power supply that must ope ate over large load 
variations can be problematic, If you design the 
inductor for the maximum ioad the power con- 
verter will see, the inductance will be below the critical 
inductance required at light load. This inadequate induc- 
tance will cause the voltage on the output capacitor to peak 
up, resulting in increased ripple on the o itput. 

If, on the other hand, you design for the much larger value 
of inductance required at light load, yoir inductor will be 
overspecified for the nominal load and will be too large phys- 
ically. 

One solution is to add a bleeder resisto- on the output of 
the supply to keep a minimum amount of current flowing at 
all times. This "fix" is not very efficient and often is an unac- 
ceptable solution, especially for battery-pcwered circuits. 

A better solution is to use a swinging chace, which exhibits 
a large inductance at light load and a progressively smaller 
inductance as the load increases. The size of the swinging 
choke is considerably smaller than an over; pecified conven- 
tional choke. And a swinging choke is mora efficient than a 
bleeder resistor. 

A new series of gapped ferrite toroids from Ferrite Special- 
ties inc (Conshohocken, PA) makes swinging-choke-design 
easy. You wind together a gapped ferritt toroid and an 
ungapped ferrite having the same form factor. The ungapped 
ferrite provides high inductance at light loac but saturates at 
less than full load current. The gapped ferri'e core provides 
_ _ 



Figure 1 
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Winding an ungapped core together with a gapped core (a) 
forms a swinging choke (b) having ideal properties for the 
output choke of a switching power supply. 



much lower inductance at light load but doesn't saturate, 
providing a working inductance at full load. The result of the 
series combination of the two inductors is a single compact 
structure that doesn't require a coil bobbin and is easy to 
construct and mount. Fig la offers a schematic representa- 
tion of the swinging choke; Fig lb shows the mechanical 
construction. 

As a design example, assume you want a 12.5-|xH choke 
that operates at a nominal load current of 2A. This specifi- 
cation requires 20 turns of #18 AWG wire on a gapped Fer- 
rite Specialties PGTX221406A36 core. This core has a gap 
1 G =0.0138 cm, a cross-sectional area A F =0.259 cm, and an 
A, =36 mH/lOOOT. At the nominal operating current of 2A, 
this core sees a flux density of 



B = 



CMjcLI 2 



A E 1 G 



10 8 



= 1.32 kG. 



At this value for flux density, the core is operating far from 
saturation at nominal current and has plenty of design mar- 
gin. 

To design the high-induciance portion of the choke for the 
lightly loaded condition, use a standard ungapped ferrite 
core, a Philips 846T250-3C85. This core has an A L =1220, 
(jl=2000, and a magnetic path length l c =5.42 cm. For the 
same number of turns, N, the inductance of this core is 

L(uH)= t i^=488pH- 

This core fully saturates at approximately B=5 kG. The cur- 
rent at this flux density is 

]r= n-irScT = 0-54A. 
0.4jiuN 

The total inductance of the core is the series combination 
of the gapped and ungapped inductors. At low current, the 
ungapped core dominates, producing a very large induc- 
tance. At 0.54A, however, the ungapped core saturates, 
reducing its inductance (essentially) to zero. The ungapped 
core then dominates, producing a working inductance at the 
full load current of 2A. The ZIP file attached to EDN BBS 
/DI_SIG #1692 contains a copy of this write-up. (DI #1692) 



To Vote For This Design, Circle No. 326 



132 • EDN May 11. 1995 



Design Ideas 



Spice model simulates broad band transformer 

Michael Steffes, Comunear Corp, Fort Ccluns, CO 





The approximate model in 
Fig 1 makes it easier to 
include high-frequency 
transformers in a Spice simu- 
lation. Broadband pulse transformers 
are widely used to transform imped- 
ance levels as a noise-reduction or 
source-matching technique. Fig 1 
includes the physical model and the 
key performance equations. The model 
shows the transformer providing a volt- 
age gain from V s to V , an input imped- 
ance of R L /n 2 , and an output imped- 
ance of n 2 R s . 

To simulate the transformer, the 
Spice simulation requires L,, L 2 , and k 
as inputs. However, transformer manu- 
facturers typically specify only an 
impedance ratio (n z ) and the two -3-dB 
frequencies of the transformer's band- 
pass response. If the passband is greater than two decades 
wide, which translates into k>0.98, the following Laplace 
bandpass transfer function approximates the frequency 
response for the model: 
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This simulation test circuit places the transformer model in front of an op amp, a 
config jration that reduces the op amp's noise figure. 

where the left denominator term determines the low-fre- 
quency cutoff of 2Trf L and the right denominator term deter- 
mines the high-frequency cutoff of 2irf H . Manufacturers usu- 
ally specify the -3-dB frequencies, f L and f M , of broadband 
pulse transformers with K.=50n and R L =n 2 R v You can solve 
Eq 1 for the three required Spice model parameters as follows: 
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Figure 1 
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Using this approximate model of a high-frequency trans- 
former, you can easily include transformers in a Spice simu- 
lation. 



L 2 = n z L! = 



Rl/2 
2itf, 



R s - 5QQ, R L 



R s n' 



1 + 4^ 



To illustrate how this model works, consider using a 1:4 
transformer In front of a low-noise op amp to reduce its noise 
figure. The specifications for an RF Prime (Sacramento, CA, 
(916) 368-4400)) RFTM-16 transformer indicate an imped- 
ance ratio of 16 (n=4) and -3-dB frequencies of 30 kHz and 
75 MHz. The three input parameters are as follows: 

25Q. 



L 2 = 



2 n (30 kHz) 
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2/c(30kHz) 



= 2.12 mH 



1 
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30 kHz 



75 MHz 



= 0.9992 
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You can now use the transformer model along with the op 
amp's macromodel to develop a full simulation for the test 
circuit in Fig 2. This circuit provides a good BOO input- and 
output-impedance match, a midband gain of +10 (20 dB) 
from the source to the matched load, and an input-noise fig- 
ure that has been reduced from 9.5 dB for jus t the op amp to 
4.2 dB with the input transformer. 

Curve 1 in Fig 3 shows the response of 1 he transformer 
only. With R^n 2 !^, the circuit attenuates V, by one-half to 
the input of the transformer and then provid :s a gain of n to 
the secondary side. The result is a net gain of +2 from the 
source to the input of the op amp. Curve 1 shows this mid- 
band gain and the correct low-frequency cutoff and also 
what appears to be second-order high-frequei icy roll-off. The 
op amp's input capacitance causes this roll- off, and remov- 
ing the op amp shows exactly the desired 75-1 4Hz single-pole 
roll-off for the transformer by itself. Cune 2 shows the 
response of the op amp alone. C F intentionally bandlimits 
the op amp's response to reduce high-freque icy noise at the 
output. 

Curve 3 is the total response from the source to the load 
showing the desired 20-dB gain with approxii nately the same 
frequency response as the transformer. 
Ed Note: The author thanks Paul Clark atRF I- rime for his sug- 
gestion in applying high-frequency transformers and for verifying 
the simplified model shown here. (DI #1681) 
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Three simulated curves of the transformer's response (Curve 
1), the op amp's response (Curve 2), and the total response 
(Curve 3) confirm that this model produces the desired 20-dB 
gain with approximately the same frequency response as the 
transformer. 



FIR-filter scheme saves BOM storage space 

CA Jalaludeen, Defence R&D Organi sation, Kochi, Kerala, India 

You can easily implement single-bit FIR hi ers using ROM the size of the ROM. Fig 1 shows how you can reduce the stor- 

look-up tables, which allows you to avoid costly multiplier age requirement for larger-order filters. 

accumulators. Unfortunately, as filter order ir creases, so does The following difference equation defines an N-tap FIR fil- 



Figure 1 
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The direct implementation of an single-bit in ?ut FIR filter I 
mation in two or more partial sums (b) redu :es ROM's storage requirements 
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a huge ROM as filter order increases. Splitting the sum- 




